present during the Battle of Carnoy Wood, where he remarked on the variety of halogens and other coloured gases filled into the German shells by the then Badische Anilin Company. Invalided out with dysentery in 1916 he went to work for the Munitions Inventions Department, in the team established by their Nitrogen Products Committee in Donnan's Department at University College London (see References, (1)). Dr J. A. Harker, F.R.S., was Director of the Nitrogen Research Laboratory, and H. C. Greenwood (who had worked with Haber) was leader of a group which included among others, Eric Rideal, E. B. Maxted, J. R. Partington and Hugh Stott Taylor. Their task was no less than to set up the Haber nitrogen fixation process in the U.K. and Rideal and Greenwood did indeed produce a prototype pressure reactor for this purpose. With Hugh Taylor, Rideal also developed a coprecipitated iron oxide and chromium oxide catalyst effective in selectively oxidizing carbon monoxide in the presence of hydrogen at 200 °C. This was for purification of hydrogen from water gas for the ammonia synthesis. Sixty years later in an informal talk ('Sixty years of chemistry ', 1970 ) Sir Eric appears to have confused this catalyst wT ith the alternative active at room temperature, namely manganese dioxide/silver oxide which had been produced at Johns Hopkins ('hopcalite'). Taylor and Rideal also produced an analytical instrument for the carbon monoxide, based on absorbing the carbon dioxide produced in N/200 calcium hydroxide and measuring the change in electrolytic conductivity. During solitary nights while working at the gas-works in Wapping, Taylor and Rideal planned Catalysis intheory and practice, the first edition of which appeared in 1919, the first textbook to cover the whole of this important area. For his wartime efforts Rideal received the M.B.E.
During this time of great activity, Eric Rideal was also helping his father, who had suffered a nervous breakdown, with his editorial and literary activities. Eric assisted in editing the important series on Industrial Chemistry, himself writing the volume on Industrial electrometallurgy, and subsequently producing books on Ozone (1920) and, with Samuel, Chemical disinfection and sterilisation. These books were all linked to Eric's own short, but intense, chemical experience, and make interesting reading even today. The literature searches involved in the writing of these books must have been phenomenal. At this time too Eric was experimenting in the political field, on 10 April 1918 signing the membership book for the Reverend Conrad Noel's Catholic Crusade, in the Thaxted vicarage which Noel had made the heart of Christian socialism in England at that time (2) . The Reverend Conrad Le Despenser Roden Noel, a scion of one of our oldest noble families, after an exciting youth which included imprisonment 'for free speech' in Manchester, had been presented by his relative the socialist Countess of Warwick to her living of Thaxted. Here he followed the Anglo-Catholic high church ritual, repelling by physical force, with the aid of his loyal parishioners, those of his countrymen who objected to the elevation of the host in the village street, or ex-army undergraduates from Cambridge who sought to pluck out the Red Flag and the Sinn Fein Flag which hung in the chancel of the church. During the twenties his organization did excellent work in the East End of London, where it was associated with other activists such as Keir Hardy and Sylvia Pankhurst. However, Rideal was to miss all this, since he left for Illinois in 1919 and thereafter was completely immersed in his science and his family life in Cambridge. His daughter remembers occasional visits to Thaxted church, and Rideal remained a lifelong churchgoer, reading the lesson in St Botolph's in Cambridge each Sunday. The family impression was that this particular church was chosen because of its convenient placing with respect to the Colloid Science Laboratory. Apart from this early excursion, Rideal rarely revealed (to his students at least) much interest in political matters later on in life, although he had a definite belief in Christianity as a basis for political action. (Later on there are rumours of a temporary interest in Buddhism.) One may also see these early influences in his interest in his students and the humane side of science, and his intense sense of fair dealing. The industrial metallurgy book contains a most interesting first chapter, which analyses future power and metalliferous resources within the Commonwealth which showed that Rideal from his earliest years regarded pure science as serving applied science, and through applied science the nation.
Rideal spent the year 1919-20 as visiting professor at Urbana, an appointment arranged for him by his old school friend, Professor James Kendall of Columbia. His youthful response to the smoking ban on that Campus, was to arrange a series of chemical demonstrations to his students, in each of which tobacco smoke was an essential ingredient. The locals noted that he maintained the habit of four o'clock tea, which was prepared for him in the nearby home of Professor W. A. Noyes by the English housekeeper Miss Pitcher. During this time he frequently visited the Fixed Nitrogen Laboratory at Washington, and became acquainted with Lewis, Langmuir, Tolman, Washburn and other great American physical chemists of the day. At the end of the year he was invited back to Cambridge to the Humphrey Owen Jones Lectureship and a Fellowship at Trinity Hall. On the boat on the way back he shared a cabin with a Schuyler Brinckerhof Jackson, who introduced him to his sister Peggy, the young widow of a Princeton professor. Shortly afterwards Eric married Peggy and they settled down in Cambridge, first in Grange Road and later at the charming house Thorndyke in the Huntingdon Road where their daughter Mary (now Lady Oliver) was born. Generations of students remember with pleasure the parties the Rideals gave at their house, the charm and gaiety of Peggy Rideal, and the pipe-smoking chemical conversations with the Professor. It was here Rideal kept his working library, and where he would welcome late night visits to discuss wartime research with the phrase 'Eley, would you like a snorter', his Wodehousian term for a whisky and soda.
Rideal remained devoted to the U.S.A. which he visited most years until well on into his old age.
Cambridge 1921-46
Rideal started his academic career with R. G. W. Norrish and two other ex-army research students in a room in the Chemistry Building, where it was necessary first to remove relics of Liveing, Dewar and Lyon Playfair, before Biographical Memoirs laying on supplies of gas and water. Rideal set Norrish to follow changes in electrode potential consequent on irradiation of a rotating platinum electrode with an old Hanovia mercury vapour lamp. A series of solutions were used, an excellent response being obtained from K M n04, and the first two of the young men's many Royal Society papers were the result. At the end of 1922 the group moved into the new Physical Chemistry Laboratories established by Professor T. M. Lowry in Free School Lane. According to Norrish the atmosphere was a lighthearted one, and Rideal was 'bubbling with ideas, good and bad, but not strong on experimental detail, leaving the working out of his ideas to the (hopeful) ingenuity of his students, by whom he was much loved. Rideal would come round the lab. most days to talk in a very airy and stimulating way, and if one could separate the good from the bad one got on quite well'. These views from Professor Norrish coincide more or less exactly with those of everyone who ever worked with Rideal. During these years Rideal developed an outstanding research school; the researches included heterogeneous catalysis, electro chemistry, insoluble monolayers on the Langmuir trough, spectroscopy, photochemistry and homogeneous kinetics, with occasional articles on biological problems. Towards the end of the twenties as a result of the initiative of Sir William Hardy the International Education Board endowed a Chair of Colloidal Physics to which Rideal was elected in 1930 (3) . Lord Rutherford and Sir William Pope combined forces to provide the new Professor with two groups of rooms, housing altogether about twelve research workers, a glass-blower/ steward (Mr Cyril Smith) and an instrument maker (Mr Len Saggers), adjacent to the Physical Chemistry Department, where Professor Rideal continued to have his own office. In 1931 the John Humphrey Plummer bequest allowed the formation of three new chairs in the University, and Rideal transferred to the new Chair of Colloid Science, the previous appointment being allowed to lapse. Two years later the accommodation was extended to give the Colloid Science Laboratory, with a total of roughly 9000 square feet of accommodation available in a basement, plus three floors, with a front door opening into Free School Lane. The Professor's modest office was on the first floor, with a Secretary's room and a Common Room for afternoon tea and colloquia immediately adjacent on one side, and Dr Wansbrough-Jones's room on the other. Later, following the tragic death of her husband, Mrs Gatty made a bequest of his books which formed the nucleus of the Oliver Gatty Library, which was accommodated in the Colloquium Room. At the height of its activity the Laboratory held as many as 40 post graduate and postdoctoral workers, and Professor Rideal shared the guidance with three Assistant Directors, J. K. Roberts (1935) In the immediate prewar period the laboratory was organized in floors. The air driven ultracentrifuge and related techniques such as the Lawrence and Robinson streaming birefringence apparatus were in the basement. 'If you're interested in mending cars, you might like to work on the centrifuge' Rideal would say. On the ground floor were the workshops, Melville's polymer kinetics and Roberts's metal-gas interface work. On the first floor Rideal had his own catalytic group and related researches, such as W. J. C. Orr's physical adsorption studies and Barrer's diffusion work. The top floor was the realm of J. H. Schulman and the air-water and oil-water monolayer work.
The wartime period saw a reorganization of the research work of the Depart ment in support of the war effort. Schulman and Alexander took on problems for the Department of Petroleum Warfare on thickened hydrocarbon fuels, and A. S. C. Lawrence became a consultant on lubricants and fuels to the Royal Navy, and A. Cameron also worked on lubrication problems. On the middle floor, D. C. Pepper and D. D. Eley worked on rheological problems of plastic explosives and cordite, and A. Robertson and P. George studied the catalytic oxidation of hydrocarbons and waxes. On the ground floor, R. F. Tuckett and his group studied polymer problems for the Ministry of Aircraft Production, and H. Campbell and P. Johnson worked on the fractionation of nitrocellulose prepared from four different sources of cellulose. E. Hutchinson studied flow problems in amatol, and A. J. B. Robertson carried out a series of kinetic studies on the thermal decomposition of a whole range of explosives. When Sir Gerald Lenox-Conyngham lent us his explosives stores near the University Observatory we were able to remove a good deal of material to it and make the Laboratory much safer than before. Apart from the systematic studies on colloidal material problems, Schulman's group from time to time produced rather odd new weapons, like the gun that shot plastic balls containing phosphorous mixture, fed into the gun via a hopper. Schulman was rumoured to weigh phosphorus straight out on the balance pan when he was in a hurry, with the result on one occasion that the whole top floor was filled with phosphorus pentoxide, billowing out of the windows to the consternation of those on the lower floors. There was one wartime tragedy. In 1940, Oliver Gatty and Charles Frank were experimenting in Granchester Meadow passing superheated steam through oil, the equipment overturned and Gatty died from the resultant burns. Gatty's interests had extended to psychical research, where he had examined Rudi Schneider's ability to interrupt a beam of infrared radiation, with negative results. During the war Professor Rideal was very busy, with numerous London committees, where his wide experience and tact made him an extremely successful chairman. He was able to enlist the cooperation of individualists like N. K. Adam During the earlier part of this period Rideal had excellent health, but in 1936 he had a serious operation for removal of a tumour, which left him with a permanent disability which, however, he never allowed to interfere with his work, or his busy life of travel to attend committees and scientific meetings. His relaxation throughout his life was gardening, at Thorndyke and his country cottage at West Runton in Norfolk. His daughter still remembers her father's spirited driving of the family car through the country lanes of Norfolk, and the accuracy with which he shaved the occasional near-side grassy bank. There was an annual garden party at Thorndyke for his students, always conducted with delightful informality, and often ending with a visit by one and all to the cinema. Towards the end of this time there were occasional signs, after the death of Sir William Pope, that Rideal was becoming restive. Then in 1943 the Laboratory became the independent Department of Colloid Science, Professor Rideal's reasons being that 'since the subject of colloid science includes the physics and chemistry of colloids, and their application to biology, the Laboratory should be in a position to collaborate with the biological departments and should not be an integral part of the Department of Chemistry'. With the advantage of hindsight it seems clear that this was a wrong decision, since postwar development removed the Chemistry Department to a fine new building in Lensfield Road and left the Colloid Science Department virtually stranded in its restricted prewar accommodation, remote from undergraduate teaching. In 1946 Professor Rideal resigned his Chair on appointment as Fullerian Professor of Chemistry and Director of the Davy-Faraday Laboratory at the Royal Institution, which marked the end of an era for his old Cambridge students.
T he Royal Institution, 1946-49
Leaving behind a thriving and well equipped Laboratory in Cambridge, Rideal arrived at the Royal Institution which was suffering from the inevitable neglect of the wartime period. He was accompanied from Cambridge by Paley Johnson, A. J. B. Robertson and several students, one of whom, finding an interest and gift for glass-blowing, abandoned his Ph.D. to fill this key technical post. There was much confusion, with valuable chemicals having lost their labels, and instruments not properly stored or maintained. However, in under two years Rideal had restored order from chaos, and with the aid of grants from industry and the Government, the Laboratory was filled with new equipment and scientific workers. The Minute Books of the Managers record much of Rideal's activity. He constructed a canteen, and arranged with the Laboratory to be recognized for training students for the University of London Ph.D. At any time there might be 35 people meeting for afternoon tea in the Library, with cake, buns and a silver teapot, a time for discussion with Rideal in the impressive carpeted surroundings. From time to time Professor and Mrs Rideal welcomed everyone to their flat over the Laboratory to sandwiches, sherry, ice-cream and cigarettes. Rideal took immense trouble with his Friday evening discourses, and the course of lectures he gave for children. But as time went on the social demands became irksome. Mrs Rideal carried the burden of a weekly dinner party while postwar rationing restrictions were still in force, and eventually it all became too much. Rideal proposed to the Managers that Andrade should take over the Fullerian Professorship and the social and lecturing side, and that he should remain as Research Director. However, this was unacceptable, since in the words of Lord Brabazon 'there cannot be two Kings in Babylon'. On an annual trip to attend Dr Eden's Day at Trinity Hall, Professor Rideal, calling in at the Colloid Laboratory, told Cyril Smith that it had been a mistake to leave Cambridge. However, he was now to embark on a third extremely productive, if brief, period of research. He accepted an invitation from Professor Donald Hey to the second Chair of Chemistry at King's College, London. Rideal was accompanied by A. J. B. Robertson and J. T. Davies. His main problem in his new post was space, since at the time there was only 20 000 square feet for the whole of chemistry at King's. To overcome this Rideal made laboratories out of all available basements and corridors, wherever a bench and a bunsen burner could be installed. There was no problem about research students which Rideal attracted in abundance throughout his life. However, for the second time he had to go round his friends, in industry and the Ministries, to replenish the equipment left behind in the R.I., but eleven or more substantial grants were obtained and some fifteen or more ingenious research lines put into motion, many of direct interest to industry, such as the generation of electricity by redox processes, and the direct consumption of coal by chemical means. When a new student, Denis Haydon, showed an interest in surface chemistry and biology Rideal asked 'What about bacteria, they've got surfaces ?' so reviving one of his earliest interests.
Rideal as a teacher
An undergraduate pupil of the 1920 period, Leonard Sutcliffe (later Director of Education for Lincoln), who went to Rideal for supervision has described to me Rideal's skill as a teacher at that time, 'He could answer any question in physical chemistry'. By the end of the 1930s he had achieved, however, a reputation as a stimulating but unsystematic lecturer to undergraduates, with some highly idiosyncratic methods. Thus he would write on the blackboard in a series of layers, one on top of the other, the lines at different angles to save rubbing out. On other occasions he would write with chalk in his right-hand, while rubbing out the writing immediately afterwards with a duster in his lefthand. His profound knowledge of the literature, especially the older literature, ensured that his lectures contained flashes of insight and new approaches to problems, which, however, were above the heads of the average undergraduate.
At Cambridge he was the despair of those colleagues attempting to produce uniform symbols for thermodynamic and kinetic quantities for the whole course. There is no doubt, however, he had a Pied Piper effect on the best Cambridge students and could pick and choose among them for his research laboratory, already crowded by able young men from other universities. He fitted less well into the scheme at King's where the undergraduates were used to systematic courses of instructional lectures, followed by examination questions set on the lectures. Rideal instead gave a commentary on parts of physical chemistry, followed up by completely unrelated examination questions. 'He covered the phase rule in twenty minutes with mystifying diagrams which looked like spiders' webs.' So with ample evidence of Professor Rideal's shortcomings in lecturing technique, what was the secret of his success in producing physical chemists for industry and academic life; a rough count giving some 50 professors and 14 F.R.S. ? He was able to inject an interest and enthusiasm into his better pupils to go to the literature and master a topic through their personal reading. Every day he would see his research students who had to learn to pick out the ten per cent of useful ideas from a barrage of suggestions. Not strong on the experimental side, his occasional demonstrations of glass-blowing always brought hilarious results. However, the excellent atmosphere of cooperation he engendered among his co-workers and their wide range of interests meant there was always someone in the Laboratory to help a beginner to design and con struct his apparatus. This occasionally gave rise to practical jokes as when George Twigg took Hugh Campbell's practice six way 'T-piece' and blew it into a new student's apparatus, explaining that if hydrogen was passed through it, deuterium would pass downwards, hydrogen upwards, ortho-hydrogen spinning off down one side tube and parahydrogen down the opposite one. Rideal's particular skill lay in sketching out good experimental problems leaving the student to work out the details. He had an instinct for the productive line of work, which rarely failed. He loved chatting by the equipment, turning the occasional tap unless stopped. John Davies (4) has described how a student at the R.I. installed various dummy knobs working unnecessary red and green lights, just for the Professor's benefit. He could become restive if a student retired from the Laboratory to work at theory. Thus when the writer took time off from ortho-parahydrogen to pursue a third paper on the solubility of gases he addressed him thus, 'Now, Eley, you don't want to turn the handle. Everyone knows you don't need energy to make a hole in water-see how easy it is for me to put this spoon into my tea!'. He once joked that the lemmas in Lennard-Jones's papers on adsorption would keep the Laboratory busy for the next ten years. However, he did encourage one worker, W. J. C. Orr, to follow up Lennard-Jones's theory with some fine experimental work. The afternoon colloquium once a week was extremely important. It was attended by Rideal and the three Assistant Directors, and perhaps one might highlight J. K. Roberts's extremely careful and detailed comments. Roberts was equally good at the experimental and theoretical sides, and he helped to raise the surface science at Cambridge to a new high level through the influence he exerted through the colloquia.
Immediately after the war Professor Rideal, aided by A. E. Alexander, organized a summer school in colloid science in conjunction with the Birmingham and Midlands Section of the Royal Institute of Chemistry. This made the accumulated experience of the strong wartime colloid science team available to R.I.C. members, and was a pioneer effort. It was a resounding success, attended by 200 scientists from all over the country, and printed lectures were published in book form (1947) . 
T he scientific work
Sir Eric Rideal's ca. 300 papers and 8 books cover a range of interests as wide as physical chemistry itself. To attempt a discussion we have classified them in four categories below, but there are many cross connections, which make a strict classification very difficult. Rideal carried his earliest scientific interests throughout his life, as well as acquiring new ones almost continuously. With this qualification the divisions are:
(i) electrochemistry; (ii) chemisorption and catalysis; (iii) colloid and surface chemistry; (iv) kinetics and spectroscopy. It should be noted that after about 1930 Rideal's name usually appeared on only one of a student's several publications, and is omitted entirely from many publications which owed much to his stimulus. Some early publications, such as those which lean heavily on Perrin's radiation theory, or dealt with redox reactions in solution before the discovery of free radicals, will be passed over in our discussion.
Biographical Memoirs

Electrochemistry
Rideal in his Ph.D. thesis was concerned with uranium, its electroanalysis, preparation of the tetrachloride and the pure metal, conductance measurements of the chloride in water and equilibrium and overpotential measurements on the metallic uranium electrode. The electrochemical part was a continuation of Fischer and Roderburg's work on tungsten at Aachen, and was published with it (1913). The uranium oxide reduction studies were published one year later. About this time too, Rideal and U. R. Evans were publishing their electro chemical studies. The electrotanning paper was essentially a mechanistic study, with emphasis on the role of electrode material in causing decomposition of the tannin, and led to a challenge from Dr Parker of the Leathersellers' Technical College to demonstrate the efficiency of their equipment on the large scale with actual hides. There is no record of the outcome. Their second paper describes the ingenious hydrogen electrode depolarization method already referred to, later applied to hypochlorite solutions (1921) . In the corrosion lecture (1913) Rideal reviews a variety of facts about iron corrosion in terms of the electrolytic theory coming into vogue at that time. The subsequent 21 pages of discussion testify to the interest aroused in technologists present. Rideal and Evans's pioneer fuel cell review (1921) included preliminary experiments on a number of cells, the best results coming from the cell Sn|dil. HC1| |FeCl3, HC1|C at 20 °C, and they suggested that future investigations should list the fuel consumption, electrode area and cell volume corresponding to 1 W as the three significant cell parameters. In 1920 Rideal suggested that hydrogen overpotential is a measure of the energy for the desorption of hydrogen from a metallic surface, and he further produced evidence that over five metals decrease in catalytic activity ran parallel with increase in hydrogen overvoltage. If we replace energy by activation energy, this idea contains the germs of later thinking in this area.
With his first postwar student, R. G. W. Norrish, Rideal (1923) followed the photodecomposition of potassium permanganate using the change in e.m.f. between a rotating platinum and a saturated calomel electrode and calculated unimolecular rate constants for the reaction. They suggested that the Pt was functioning as a hydrogen electrode which responded to the increase of pH accompanying photolysis, and accounted for the potential-time curve on this basis.
Later on, Bowden and Rideal (1928) were able to show that the overpotential was a linear function of the true surface concentration of discharged hydrogen atoms, and was independent of the nature of the underlying metal. The potential corresponded to a proton and an electron separated by the diameter of a hydrogen atom, and they were able to follow the decay kinetics of the electro-adsorbed hydrogen. They used this method to measure the accessible area of a number of metal electrodes, and thus to establish the catalytic activities per unit area for the discharge of hydrogen ions, pioneer studies in electrode kinetics. There followed a long gap, so far as electrochemistry is concerned, interrupted in 1937 by a study (with MacGillavry) of diffusion currents, stimulated by the famous Ilkovic equation used in polarography. This furnishes a rare case of Rideal's involvement in a purely theoretical research. Then after the war Rideal, together with Hillson (1949) , made the first quantitative study of the effect of u.v. light on depolarizing hydrogen and oxygen electrodes, following up earlier qualitative observations of Audubert and Bowden. They concluded that for the cathodes Cu, Ag, Ni, Hg, but not Pt, the rate determining step was the combination of an adsorbed ion with an ion in the double layer, the so-called electrochemical mechanism, the photons activating the absorbed hydrogen atoms. Since most other evidence on hydrogen electrode kinetics would require Hg and Pt to exchange places in this series, there is clearly scope for further work. A later paper (1953) was concerned with elucidating the Becquerel effect, in which electrons are transferred to or from dyestuff molecules adsorbed on a platinum electrode. Rideal's last electro chemical paper, with Flengas (1955) , recorded accurate measurements on a concentration cell involving silver salts in a molten solvent of mixed nitrates, which gave the free energy of solution of the salts. An interpretation in terms of the Born equation for solvation gave rational values of the dielectric constant of the molten salts.
Chemisorption and catalysis
Reference has been made to Rideal's first catalytic papers (1919) dealing with the selective combustion of carbon monoxide in hydrogen. The elegant instru ment constructed by Rideal and Taylor produced a continuous trace of per centage CO on a recorder chart, an early example of an automatic recording instrument. Rideal (1919) concluded that the two reactions CO + |O a and H2 + 1 0 2 went on simultaneously, increase in temperature favouring the latter reaction on iron oxide, promoted iron oxide and copper oxide, but the former reaction for nickel and palladium. After a 'radiation theory' discussion, Rideal went on to explore a Langmuir isotherm analysis, concluding that different combinations of gas and surface possessed different free energies. The experi ments on hydrosols (1920) included a demonstration of a greater activity for coprecipitated 50 Pt 50 Pd over the pure metals, an early example of bimetallic catalysis, which certainly merits further study. The 1921 paper is mainly now of interest in that Rideal adapted Langmuir kinetics in a way which laid emphasis on the reciprocal of the desorption rate, the so-called lifetime of the adsorbed molecule. This 'verweilzeit' remained a favourite concept with Rideal at this time, used in undergraduate lectures and referred to in his last book (1968), but not adopted in the general catalytic literature. In 1922 Rideal published his first study of ethylene hydrogenation, using an activated nickel foil catalyst. He showed early observations of induction periods could be attributed to contamin ation of the hydrogen gas by oxygen, he confirmed the maximum rate at 130-150 °C observed by Sabatier and derived an activation energy of 1800 cal/mol-1 for hydrogen-rich mixtures below 137 °C. He discussed the maximum rate in terms of the lifetime model. The actual pressure-dependencies observed at this time by Rideal, plu (excess ethylene) and pEt (excess H2), are not found generally, most later investigations finding PH2pEt for the experiments, the differences probably relating to catalyst activation procedures. By assuming that under optimum conditions, taken as 137 °C and 1 Torr, the reaction would become bimolecular on a bare surface, i.e. o c p^p^, and com paring the observed rate with this calculated optimum rate, Rideal estimated a 'catalytic efficiency' of 0.04%. Hindsight enables us to see this catalytic efficiency will involve both an activation free energy and a fraction of active surface, so it was a speculation for Rideal and Taylor in their book (2nd edition 1926) to attribute it entirely to the latter.
In the papers dealing with 'promotion' Hurst and Rideal (1924) found that additions of Pd to Cu increase the ratio CO/H2 combusted with oxygen up to [Pd] = 0.2%, the ratio then decreasing to a value at [Pd] = 1.7%, which is the same as that for pure Cu. Adsorption measurements traced this effect to an increased adsorption of CO, probable at the Cu-Pd interface. Increase in temperature increased the CO/H2 ratio burnt to a maximum at 175 °C, above which the ratio fell, which they associate with a maximum CuO formation at this temperature. With Winifred Wright (1926) Rideal continued studies on promoters, using the oxidation of aqueous oxalic acid on charcoal, and explaining the results in terms of a straightforward Langmuir rate equation, involving the surface coverage of the two reactants. Rideal had now clearly abandoned his earlier emphasis on adsorbed lifetimes. The authors distinguished three areas of the charcoal surface, 0.35% autoxidizable, 40.5% catalysing the oxalic acid acid oxidation and the rest simply adsorbing the acid. Surface areas were measured by methylene blue adsorption, and specific activities calculated. Incorporation of N in the charcoal was found to increase its area but not its specific activity, while an Fe-C surface had 50 times and an Fe-C -N surface 800 times the activity of the simple charcoal C-C surface. The following year with A. F. H. Ward, Rideal studied four charcoals and was able to correlate their rate of autoxidation with the number of molecules of oxygen with a large initial heat of adsorption, as measured in a Bunsen ice calorimeter. Thus the most strongly bound oxygen was also that most active in oxidizing the underlying charcoal, and Rideal now turned to kinetic studies on the oxidation of metals.
Rideal and Wansbrough-Jones (1929) studied the reaction of an electrically heated Pt filament in oxygen to give a film of P t0 2. A zero order reaction with Pt vapour was accompanied by a surface reaction with the filament which obeyed a Langmuir isotherm and had an activation energy 2.7 eV, the corresponding rate for W-> W 03 measured by Langmuir being much faster with E -0.87 eV, and for C -> C 02 E = 0.52 eV. The authors noted that these differences in E cor pond rather closely to differences in the current values of the metal work functions 0, so that c/> -E = 3.61-3.79 eV for the three elements concluded that the rate determining step was probably an electron transfer from the metal to an adsorbed oxygen molecule. They were further able to show published data for the ammonia decomposition on Pt, W, Mo and Ni fitted a similar pattern with (f> -E = 2.78-2.97 eV, corresponding to electron transfer to the adsorbed NH3. This early study anticipating the electronic theory of catalysis was not followed up, and was overlooked until after the war (7). Ward and Barucha (8) using modern work function data found the oxidation of 17 metals to fit < /> -3.16 eV, and discussed the result in the light of M ott's theory. Rideal and Wilkins (1930) , finding the initial rate of oxidation of copper at low oxygen pressures to be first order in this case, proposed adsorption of oxygen as rate determining. The next paper in this group, with Van Praagh (1931) , established a surface reaction PtI + I at 1400 K on platinum filaments, with a rate corres ponding closely to that calculated for a simple activated collision process. No comparable reaction occurred for tungsten, which was, however, attacked by I 2 vapour at lower temperatures, presumably due to unstable surface WI. Van Cleave's work (1937), in which increasing gold content increased the reaction rate of oxidized copper-gold alloys with hydrogen, anticipated present day interest in alloy catalysis, and can be considered to close this group of papers.
Rideal took up the use of deuterium gas soon after enriched water became available. With Melville (1935) he studied the isotopic rate differences between H2 and D 2 reacting with copper oxide, and diffusing through palladium and copper, finding a rational explanation in the zero point energy differences of the hydrides. With Tucholski (1935) he similarly established the isotope effect for the hydrogenation of ethylene and nickel, and with Barrer (1935) the adsorption of hydrogen of charcoal. In the latter work the authors found one Langmuir isotherm saturating at low pressures on active patches due to ash, connecting to a second isotherm at higher pressures for the ash-free part of the carbon surface.
The paper with Whalley opened a series on surface potentials, in which polonium electrode (1937), photoelectric (1935) and finally diode (1937) techniques were used. Bosworth and Rideal's work with the diode established surface potentials for WNa (1937), WO and WN (1937). Bosworth's value for WH of -1.04 V (9) was subsequently superseded by Mignolet's value of -0.5 V (10), but the concept of negative hydrogen on a metal was of revolutionary importance for ideas of surface bonding. The Bosworth and Rideal studies depended for their interpretation on the outstanding investigations of J. K. Roberts (11) , being carried out in the same laboratory. In particular Roberts demonstrated that a really clean tungsten filament exposed to hydrogen was instantaneously covered with an approximately complete layer of H atoms, at temperatures as low as 77 K, with a heat of adsorption falling from 45 kcal/mol for a bare surface to 18 kcal/mol for a saturated surface. Roberts also showed theoretically how the immobile adsorption of a monolayer of atoms by adsorption of diatomic molecules would lead to 8% of empty sites at saturation. Using these concepts Rideal (1938) formulated a mechanism for hydrogen-deuterium equilibration and parahydrogen conversion on tungsten, which Eley supported by low-pressure deuterium exchange experiments with the stable surface hydride formed on an evaporated film of tungsten (12), namely 1,
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The first-order character of the deuterium-ethylene exchange reaction on nickel, was also taken by Twigg and Rideal (1939) to necessitate a similar mechanism to be involved in the formation of the half-hydrogenated state (2):
The Rideal mechanism in its most general form, in which a molecule in a second or van der Waals layer (not necessarily over a vacancy) reacts with an underlying chemisorbed atom or radical, is now widely used in the literature. Craxford and Rideal (1939) investigating the Fischer-Tropsch reaction on a cobalt catalyst, established the absence of any para H2 conversion in the synthesis-gas (H2 + CO), and concluding that chemisorbed H must be absent, postulated a Rideal mechanism for this reaction (3):
From hydrogenation Rideal went on to study catalytic cyclization (1945) and dehydrogenation of hydrocarbons (1947) with Herington, explaining the results in terms of two-point contact between the catalyst and a pair of carbon atoms.
Using data on bond lengths and angles, Twigg and Rideal (1940) calculated that a catalyst interatomic spacing of 2.73 A would be just right for two-point chemisorption of the -CH2CH2-radical, and concluded that most active catalysts for olefine hydrogenation have spacings around this value. A similar spacing is probably necessary for polymerization of the groups in the FischerTropsch synthesis (1939) , and for the Mo atoms in the catalytic cyclizationdehydrogenation of alkenes (1945) . Based on this concept Herington and Rideal gave a statistical calculation of the variation in total yield of aromatics with the nature of the alkene feed (1947). They also showed how multicontact poison molecules adsorbed on a uniform set of catalytic sites could account for the characteristic 'flexed-linear' graph relating activity to adsorbed poison (Maxted), previously considered as evidence for two types of site (1944) .
After the war Rideal and Trapnell by studying isosteric heats showed that the differential heat of adsorption of hydrogen on tungsten films continued to decrease below Roberts's 18 kcal/mol right down to 3 kcal/mol, to which they assigned on the basis of oxygen adsorption a surface coverage 6= 1.0. This necessitates a reassignment of Roberts's coverage for a heat of 18 kcal/mol as 0=0.8. On this basis it was shown that the Langmuir-Hinshelwood mechanism should once again be valid for tungsten,
It had now become quite difficult to distinguish unambiguously the Rideal and Langmuir-Hinshelwood mechanisms, but this has recently been achieved for nitrogen isotope mixing on metals, where the heat of adsorption is independent of coverage (13) . Later on with Sweet (1960) Rideal conducted a chemisorption study for hydrogen on nickel films, this time stressing entropies of adsorption in relation to mobility of the adsorbed atoms. In two papers with Jenkins (1955) Rideal returned to the perennial problem of ethylene hydrogenation, this time on a nickel film, rejecting his previously discussed mechanism involving the associative adsorption of ethylene, and developing Beeck's mechanism in which the nickel is about 80% covered with acetylenic complexes, reaction occurring by gaseous ethylene colliding with chemisorbed hydrogen on 10% of the remaining surface. They invoked an insertion of ethylene into the surface Ni-D bond to explain exchange with deuterium. However, Eischen's later infrared evidence gives strong support for the associative mechanism, at least on supported nickel (14) . It would be appropriate to conclude this section with Sir Eric's own words from Concepts in c a t a l y s i s : 'In the field of catalysis the crucial experiment is often a will o' the wisp and eludes our grasp'. Or, again in his obituary notice of George Twigg, he referred to ethylene hydrogenation as 'that Mona Lisa of catalytic reactions'. Nowadays, however, there is more and more evidence that nickel wires, films and supported crystallites may all show different lattice planes and defect structures, and therefore probably different mechanisms, and one catalyst's reaction intermediate may well be another catalyst's poison! A memorial lecture was given on Sir Eric's catalytic work (15) .
Colloid and surface chemistry
After a paper (1922) following up Washburn's study of capillary penetration by liquids, Rideal initiated a series of outstanding papers on surface films. A review (1923) of Colloid phenomena in bacteriology, where he concluded that adsorption on bacteria appears to be a chemical process, involving surface groups such as -NH2 and -COOH pointed the way to much subsequent effort, and was followed by a paper with Wolfe (1924) (1925) , applied the Clapeyron equation to the spreading of insoluble monolayers from a fatty acid or ester lens on water, a paper which N. K. Adam, in conver sation with the present writer, much admired. About this time, Rideal applied a vacuum technique to obtain the first reliable rate of evaporation of water, and showed that spread monolayers of fatty acids could reduce this rate by 50%, an important pointer for later research on reservoir conservation. In 1927 Rideal and Mouqin, using a torsion disk method suggested by G. I. Taylor, were able to derive a value of 4.9 x 107 dyn cm-2 for the rigidity modulus of monolayers of palmitic and stearic acids, which marked the beginning of quantitative surface rheology. In four papers with Lyons (1929) , Rideal examined the effects of pH on the state of fatty acid monolayers, associating the limiting areas of 20.6 and 26.1 A2 with an interlocking of chains at tilt angles of 26.5 and 45° to the vertical, respectively. They also followed the rate of solution of palmitic acid monolayers in alkaline solution, an autocatalytic process, by the change in area with time. Data on two long chain amines were taken to confirm the angle of tilt theory, but there appears little evidence for the second interlocking position (16) , and Adam's model of 'close-packed chains' and 'close-packed heads' appears to be preferred at present (17) . These papers were closely followed by those with Schulman (1931) , in which the Guyot-Frumkin radioactive air electrode was developed to give surface potentials of spread films to ± 2 mV, the surface dipoles thus derived by the Helmholtz equation being related to the orientation of the film dipole, plus a second contribution from the ionic double layer in the underlying liquid. At the same time Rideal and Hughes (1932) devised the technique of spreading proteins directly from a small specimen of solid attached to a microbalance. Rideal and Mitchell (1937) followed up with an examination of the effect of monochromatic u.v. light on monolayers of the model compound stearyl anilide, finding a quantum efficiency for photolysis which increased with compression of the monolayers. Similar irradiation of protein monolayers lead to photolysis of the peptide links adjacent to aromatic side chains, which act as chromophores. Later on, with R. Roberts (1951) , he was to return to u.v. irradiation of proteins in solution, finding under nitrogen a splitting of the peptide link to give two radicals, which react with carboxyl and hydroxyl groups in other molecules, leading to formation of molecular aggregates. In 1937 Rideal published two papers with Schulman which are of great importance. Injecting surface active agents under mixed films of gliadin and cholesterol the authors were able to distinguish two interactions (a) an adsorption due to interaction of the two polar groups; and (b) a penetration of the hydrophobic chain of the agent into the hydrophobic part of the film. Haemolytic and agglutinating agents were then distinguished on the basis of the former being able not only to adsorb but also to penetrate the lipoprotein film. These papers continue to inspire membrane studies at the present time. In 1957-58, with F. H. Taylor, Rideal returned to analyse further the actual kinetics of haemolysis by saponin as a two-stage process involving penetration of the lysin and disruption of the membrane. The rate of attack by negatively charged saponin was accelerated by added sublytic amounts of long chain compounds, to an extent accurately proportional to their free energy of adsorption at the oil-water interface.
In 1933, with Hughes, Rideal initiated his studies on monolayer kinetics, following the rate of oxidation of unsaturated acids by permanganate ions in the substrate by the change in surface potential at constant area with time. Com pression of the film raised the double bond of oleic acid from the surface and stopped the oxidation process. At the same time with Fosbinder he was able to follow the hydrolysis of a monolayer of stearolactone, by OH-ions, the steric factor of 8 x 10-5 corresponding to that found for the bulk reaction by MoelwynHughes. Along the same line he investigated the oxidative polymerization of monolayers of drying oils with Gee (1935) , and the alkaline hydrolysis of films of long chain esters with A. E. Alexander (1937), in the latter case referring to the fall off in reaction rate with OH-ions when the reaction product anions are retained into the monolayer. Returning to ester-hydrolysis after the war with J. T. Davies (1947) he applied the Donnan membrane equation to discuss the distribution of the reacting ion (OH-) between bulk solution and surface film, and also calculated activity coefficients for ions in the surface phase, in this way deriving good velocity constants for the hydrolysis of the negatively charged monolayer of monocetyl succinate anion. Later on Davies, Phillips and Rideal went on to develop equations expressing the surface pressure differences between ionized and non-ionized monolayers, initiating an area of major current interest in colloid science. In his Bakerian Lecture (1951) Rideal reviewed his monolayer reactions, bringing into the rate equation an accessibility factor arising from a shielding of the reactive group by neighbouring molecules, which he related to the energy required to expand the film, and which determined the main dis tinction between surface and bulk reactions.
Over the years Rideal took a continuing interest in the ionization properties of proteins. Thus with Kemp (1934) he studied the electrophoretic mobility of gliadin adsorbed on quartz particles, deriving dissociation constants from the mobility-pH curve, and observing the effect of adsorbed acetate on the isoelectric point. With Gilbert (1944) he derived a titration equation for proteins which convincingly showed that the potential arising from the adsorption of protons was responsible for the different titration curves found for fibrous and soluble proteins, and satisfactorily explained Steinhardt's data for wool-HCl. Later on A. B. Meggy (18) at I.C.I. Dyestuffs showed that this equation held for wool and the dyestuff Orange II acid. With Johnson and Shooter (1950) he studied the electrophoresis of ground nut globulins, and with J. T. Davies and Denis Haydon (1956) he studied the effects of ions in neutralizing the charge on E. coli cells, again using the microelectrophoretic method. In the latter case the authors were able to conclude that the surface was probably a polysaccharose. In the memorial volume to N. K. Adam, Rideal and D. M. Adams (1958) made a similar investigation for Mycobacterium p , in this c of phospholipid in the cell surface.
Professor Rideal published little on colloid stability, the 1946 paper being an introductory review paper to a symposium honouring Professor Kruyt, who was the leading worker in this particular area. However, the paper with Russell (1936) makes a novel suggestion about a decreased double layer thickness at the end of elongated particles, to explain the gelling action of a small addition of alumina particles to an aqueous silica suspension. He gave encouragement to the early work of S. Levine (19) , who worked in his laboratory during 1937-39. J. T. Davies (4) has drawn attention to the importance of Rideal's results on specific ion adsorption for understanding departures from the classical DLVO treatment of coagulation.
To conclude, we refer to Rideal's interest in work on adhesion. With C. Kemball (1946) he carried out important studies on adsorption of hydrocarbons at the mercury interface, derived heats and entropies of adsorption which led Kemball to one of the earlier statistical-thermodynamical treatments of adsorption (20) . Later on with Gillespie (1956) he followed up De Bruyne's suggestion to the Adhesion Panel (5) and constructed a napkin-ring torsion apparatus to eliminate one major source of stress concentrations, namely the ends of a lap joint.
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Homogeneous kinetics and spectroscopy One may start with the papers by Rideal and Norrish (1923) , in which they successfully disentangled the gas reaction from the surface reaction in the combination H2+ S 2. Later on the photochemical reaction was studied, and an attempt made to relate the absorption maximum at 2750 A to the thermal activation energy. They went on to study the photochemical H2-0 2 reaction initiated by photodissociation of chlorine and Rideal then moved on to halogen photochemistry with Bernard Lewis (1926) and Wood (1927) .
With a new infrared spectrometer, built in the laboratory, Rawlings, Rideal and Snow (1929) resolved the vibration-rotation spectra of NO and CO, at a time when the only comparable existing data was for the hydrogen halides. The molecular constants so derived agreed very well with values from electronic spectra. This work, following closely on the important studies by Robertson and Fox (21) , helped to pioneer the technique in this country. Much later Rideal returned to infrared spectroscopy with Adams (1957) to analyse the composition of bacterial surfaces.
With E. J. B. Willey (1927) Rideal took up the problem of active nitrogen at the point where it had been left by Strutt, later on looking at other molecular excitations by electronic collisions with Caress (1928), with whom he measured critical potentials for the reactions of CO and H2, and CO and H, identifying the excited states involved. Turning to theory, Rideal with R. H. Fowler (1926) deduced the formula for the fraction of molecules with activation energy spread over n square terms, from which the authors concluded that the bimolecular collision rate was probably adequate to maintain the rates of decomposition of N 20 5 and Br2. This paper appeared very shortly after similar papers by Hinshelwood (22) and Christiansen (23) . In fact, the square term formula had been anticipated by M. Polanyi (24) . Reading over these papers one can easily imagine the intellectual excitement which followed Lindemann's famous dismissal of the radiation theory (25) . A year earlier many chemists, e.g. Hirst and Rideal (1925) and G. N. Lewis and D. F. Smith (26) , had still been sitting on the fence on this matter.
The paper with Cuthbertson and Gee (1939) is a reminder of the considerable stimulus Rideal was giving to polymer studies at this time. It comprises a thorough study of the benzylperoxide-vinylacetate system establishing kinetics which later became a hall-mark for 'radical' polymerizations. Monomer transfer was identified, and the observation made that the solvent when it is toluene takes part in the transfer mechanism. The significance of this observation was to be noted by Frank R. Mayo, at the start of his extremely important work on styrene radical transfer to solvent (27) . During the war Rideal, with George and Robertson (1946) , was to follow up hydroperoxide kinetics in a series on the oxidation of liquid hydrocarbon. They concluded that the independence of rate on the concentration of heavy metal catalyst pointed to its role in both starting and stopping chains, for positive catalysis the former role and for negative catalysis the latter role predominating. It is perhaps of some interest that both the authors on completing their work turned to biology, Philip George subjecting haemoprotein reactions to close kinetic study, and Alan Robertson becoming a Professor of Genetics and a Fellow of this Society.
In reflecting on Sir Eric's long life of research, one can see a central theme in the long and brilliant series of papers on monolayers on liquids. His work on catalytic mechanisms has also had the widest influence. Growing points for new research areas (such as the relevance of his photogalvanic studies (1949) for solar energy conversion (28)) may confidently be expected to continue to emerge from Rideal's work. On the personal level, no trouble was too great for him to help with a meeting on colloids or catalysis, and he had a secure place in the affections of generations of surface chemists all over the world. He has referred to how 'Pasteur likened a laboratory to a temple animated by the spirit of enthusiasm eV deos-the god within', and this was certainly true of the Colloid Science Laboratory under his guidance. Let us conclude with a characteristically modest comment he made, sitting on a stool swinging his legs and smoking his pipe, at the Chemistry Laboratories at N.R.C. Ottawa, in 1957. It was addressed to a new acquaintance, R. Rudham in J. A. Morrison's group, 'Forty-seven of the people who have worked with me are now professors. So even if all the science I have published eventually proves to be wrong, I will at least have produced something-it won't all have been in vain. ' Sir Eric left no personal record, and I am especially grateful for his daughter's, Lady Oliver's, information about his early life. A 'List of Papers published during 1912-46' was privately printed for subscribers by the Cambridge University Press (1946) , and my best thanks are due to Dr G. Kiwanuka for help with the remainder of the bibliography. I am also grateful for helpful letters from Mr Oliver Rideal, Professor R. G. W. Norrish, F.R.S., Professor James Kendall, F.R.S., Dr U. R. Evans, F.R.S., Sir Owen Wansbrough-Jones, K.B.E., and many other friends of Sir Eric. The author craves indulgence that restrictions of space have precluded reference to the papers of a number of Sir Eric's co-workers, reflecting perhaps the author's interests and limitations, rather than the papers' importance in the whole body of the published work.
The photograph reproduced is by Walter Bird.
